Synopsis Grazing scattering of light atoms and small molecules with energies up to several keV from atomically clean and flat surfaces along low-indexed directions gives rise to diffraction phenomena. The potential of this new method of Fast Atom Diffraction (FAD) as surface analytical tool is discussed. We show that, despite substantial decoherence due to thermal vibrations, nuclear energy loss, and, especially, excitations of the electronic system, FAD is not limited to insulator or semiconductor surfaces. Detailed studies of the geometric structure of insulator surfaces and superstructures on metal surfaces performed using FAD as an efficient virtually non-destructive method are presented.
The scattering of fast (keV) atoms or molecules from solids is generally discussed in terms of classical mechanics. The main argument for ignoring quantum mechanical effects is a Broglie wavelength orders of magnitude smaller than the length scale for ordered structures of a crystal. Furthermore, one expects substantial decoherence owing to thermal vibrations of target atoms and excitations of projectile and target (electronic and nuclear stopping).
Recent works, however, show that diffraction patterns for fast atomic projectiles grazingly scattered from insulator surfaces along lowindexed directions can be observed [1] . The suppression of excitations during scattering from insulator targets due to their broad band gap results in a reduced energy loss and straggling which preserves the coherence in the scattering process [2] . Diffraction during grazing scattering of keV projectiles is not restricted to insulator surfaces, but is observed also for metal surfaces [3] and superstructures on metal surfaces [4] . As an example, we show in Fig. 1 a typical diffraction pattern for scattering of H 2 molecules along 110 from a c(1x3) sulfur superstructure on Fe(110). Based on such diffraction pattern we have exploited the potential of Fast Atom Diffraction (FAD) as a new surface analytical tool.
We demonstrate that FAD provides via the Bragg relation the width of low-indexed channels of the surface plane. FAD is also a powerful interferometric tool, in studies on intensity modulations of diffraction spots with beam energy or polar angle of incidence in terms of supernumerary rainbows [5] . This allows one to derive the corrugation of the surface potential which is closely related to the vertical positions of surface atoms [4] . The non-destructive nature, negligible charging as well as the simple production and efficient detection for beams of keV atoms and molecules make FAD a potential powerful surface analytical tool. 
